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The o r d e r  of the spl i t t ing of the ge m i na l  s y s t e m s  ~ N - - C - - X ,  where  X = N  [2], O [3], S [4], e tc . ,  by e l e c t r o -  

phi l ic  r eagen t s  is d e t e r m i n e d  by the t h e r m o d y n a m i c  s tab i l i ty  of the p r o d u c t s  fo rmed .  F o r  example ,  in r e a c t i o n s  
(1) [5] and (2) [6] the a t t ack  of the acy la t ing  r eagen t  is r e a l i z e d  at the less  bas ic  n i t rogen  center ,  w h e r e a s  in 
r eac t ions  of type (3) [3] it t akes  p lace  at the s t i l l  l e s s  bas ic  oxygen:  

R2NCH2N( + (MeCO)~O ~ MeCON / + MeCOOCH2NB 2 (1) 

/ / 

, I/2N=CH2C1 (2) t/2NCH2N( + MeCOCl ~ MeCON( + '~ 0 

| 
R2NCH2OMe @ tlCOHal - -+  RCOOMe + H2N=CH~Hal | (3) 

In  the p r e s e n t  w o r k  we s tudied the spec i f i c i ty  of r e a c t i o n s  of e l ec t roph i l i c  r eagen t s  with gemina [  s y s t e m s  in the 
case  of X =  R2 p, i , e , , a m i n o m e t h y l p h o s p h i n e s  (AMP). As it tu rned  out, when A M P ' s  a re  r eac t ed  with acy la t ing  
r eagen t s ,  the a t t ack  of the l a t t e r  takes  p lace  at  the P a t o m  with c leavage  of the C - P  bond and the f o r m a t i o n  of  
acy lphosph ines  and m e t h y l e n e i m m o n i u m  salts1' 

(i-Pr)~PCH~NMe~. ~ BCOC1 

(i-Pr)2PCHeN(CH2CH2)20 - p-BrC~H~COC] 

i-Pr(PhCH2)PCH~NMe~ + CFaCHFCOCI 

| 

e~ > RCOP(i-Pr)~ + Me2N=CH~C} ~ 
Et.,o R ----- Me(I), 38 % 

tt = 0Me(II), 43% 

20~ 
. ,  0(CH2CH2)~N~CH~CI e 

( in),  17% 

2{}" 
> CFaCHFCOP(i-Pr)CH2Ph 

g t z o  
(IV), 38 % 

(4) 

(5) 

(6) 

t-Bu(R)PCH~NMez + CF~COCI -~~176 CF~COP(R)(t-Bu) 
Et~_O 13 - -  phC~H2(V), 37 % 

R = Me2NCH~(VI), 70% 

(7) 

This method for  the syn thes i s  of acy lphosphines  was used  for  the opt ical  ac t iva t ion  of A M P ' s  by r e a c t i n g  
t h e m  with an insuf f ic ien t  quant i ty  of a eh i r a l  aey la t ing  r eagen t  in [71. 

When A M P ' s  a r e  t r e a t e d  with phenyl  i socyana te ,  the r e agen t  is i n s e r t e d  into the C - P  bond to f o r m  
ca rbamoy lphosph i ne s ,  and under  the ac t ion  of  C1CN A M P ' s  a re  spl i t  to f o r m  cyanophosph ines :  

PhNCO 
Me2NCH2(Ph)NCOPRIV-~ Et~o 

13 = R' = i-Pr(VII), 42% 

* F o r  r e p o r t  18 see  [1]. 
~ F o r  the p r e l i m i n a r y  r e p o r t  see  [7]. 

C]CN p y - RR PCH~NMe~ - - +  RR'PCN 
Et20,  --20 ~ 

13 = W = i-Pr(VIII), 65% 
13 = t -Bu ,  R ' =  Me~NCH~(IX), 58% 

(8) 
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TABLE 1. Constants  of Acy l -  and Cyanophosphines and Salts of 
AMP, s 

Compound 

t-Ba (Me~NCtt~) PC (0) CFa a ('VI) 

(~-Pr)= PC (0) N (Ph) CH~NMe2 b (u 

t-Bu (Me2NCtI2) PCN C (IX) 

(i-Pr)~ (Me) PCII2 NMe~.I @ (X) 
Gd (i-Pr)2 (Me) P C H ~  (CH2)a_____~HCO~MeI (XI) 

| 
(i-Pr)z Me PC~N (C]=I2CI-I2)~ OI G (XII) 

@ 
i -Pr  (PhCH 0 P (Me) CHzN(CI-I~CH~)~ OI @ 

(xln) 
@ 

i-Pr (t-Bu) P (Me) CHuN (CH~CH:)~OI | 
(XlV) 

| | 
t-Bu (Ph) PCH~N MeaI (X'V) 

@ 
t-Bu (Ph) P (Me) CH-.N (CH~CH~)~ OI ~ (XVI) 

@ 
(i-Pr)~ P (CHIN (Ctt~CH~)~ O)z I ~ (XVII) 

| | 
(i-Pr)~ P ~Ie~I (x'vIII) 

(i-Prh PCH2N Me3 FSO3 | (XX) 

| 
(i-Prh PCH N (CI-I2Ph) Me, Br @ (XXI) 

/-Pr (PhCH2) PCH.N (CH~Ph) Me~ Br Q 
(xxID 

(--) t-Bu (Ph) PCH:~ (CH:Ph) ~YIez Br | e 

(xxlII) 
| @ | 

(i-Pr)~ (Me) PCI-I~NMea 2Br (X X 137) 
@ | 

g-Prh (Me) PEIt~ N Mes 2I | (XXV) 
@ @ | 1 7 4  

(i-Pr)2 (Me) PCH~NMe.FSO8 I' (XXVI) 

, (I-Pc)2 (Me) PCH2N (CH~Ph) Me2Br I 
(XXVlI) 

| | 
(i-Pr)~ P (O) Ctt2N Meal (X XVlII) 

| | 
(/-Pr) (PhC}I2) P (I-I) Me I (XXIX) 

rap, ~ 
Found/calculated, qo 

i,93 6,86 
i,57 
[,72 
L82 

i,76 
i,78- 

~nt in 
43,40 
43,30 
35,41 7,2t 
35,03 7,30 
47~,27 
4~,52 

..56, 25 
55,40 
60,47 
60,9i 

28,9 

41,8i 
41,70 

c it N 

6,84 3,54 
7,86 3,70 
7,77 3,75 
7,05 3,73 
7,35 3,8--T 

NMR am ml 
7,76 6,60 
7,65 6,30 

8,76 4,72 
8 ~  4,85 
8,34 4,59 
8,40 4,05 
7,12 3,40 

,9i 7,36 3,59 

6,44 3,05 
6,i0 3,05 

831 6,55 3,17 6,6---O 2,8--5- 

, 3 4 7 , 7 3  4,40 
,~Y 7,5-E- 4,20 

69_L 
,86 5,84 �9 - 

36. 

43. 

Hal 

4,t6 9,55 
4,42 9,7S - 

4,tj 8,541 _ 
3,90 8,63 
3,49 7,66 31,8__~t 

7,85 32,15 
8,i7 33,6___88 
8,31 34,05 
8,44 34,78 
8,45 34,60 

'6,91 
6,94 

tt,0_A 46,12 
li,3i 46,35 

20,4 
20,3 

5,8.___5 _ 
6,35 

9,05 37,05 
9,3--i 
9,8___2 40,63 
10,06 4i,23 

a) vCO 1685 c m  - i ,  M + 243 m / z .  
b) vCO 1710 (1662 sh)  c m  - I .  

c) M + 172 m / z .  
d) [ ~ ] 2 % - 4 1 . 7 ~  (C 5.75,  MeOH).  
e) [~]2%-3 .39~  (C 0.56,  MeOH).  

T h u s ,  w h e n  A M P ,  s ,  l i ke  o t h e r  a m i n o m e t h y I  d e r i v a t i v e s  of N, O, and  S [8], i . e . ,  the  e l e m e n t s  c l o s e s t  to  
p h o s p h o r u s  i n  the  p e r i o d i c  t a b l e ,  a r e  s p l i t ,  the  d i r e c t i o n  of the  ~ t t a c k  of the  a c y l a t i n g  r e a g e n t  i s  d e t e r m i n e d  b y  
t he  t h e r m o d y n a m i c  s t a b i l i t y  of  the  m e t h y l e n e i m m o n i u m  s a l t  f o r m e d .  J u d g i n g  f r o m  ~hc c o m p a r a t i v e  s t r e n g t h  of 
the  E - C  b o n d s  ( k J / m o l e )  i n  Me3N (393.6), MeOH (~381 ) ,  Me2S (305.6),  Me3P (276.3), arid Me3As (230.3) [9], we 
m a y  p o s t u l a t e  t h a t  a m i n o m e t h y l a r s i n e s  s h o u l d  s p l i t  a c c o r d i n g  to  a s i m i l a r  s c h e m e  [e.g. ,  (4)]. 

1434 



TA
BL

E 
2.

 
N

u
cl

ea
r-

M
ag

n
et

ic
-R

es
o

n
an

ce
 
S

p
ec

tr
a 

o
f A

cy
l-

 a
nd

 C
y
an

o
p
h
o
sp

h
in

es
 a

n
d
 S

a
lt

s 
o
f 

A
 IV

[P
's 

C
om

po
un

d 

(V
I)

 

(v
n)

 

gx
) 

(x
) 

(x
I)

 

(X
II

) 

(x
m

) 

(x
iv

) 

(x
v)

 

(x
vi

) 

So
lv

en
t 

C6
D~

CD
a 

C
D
C
h
 

P
h
2
0
 b
 

C
D
a
O
D
 

C
D
C
h
 

C
D
a
O
D
 c
 

C
D
a
O
D
 

C
D
a
O
D
 

C
D
o
O
D
 

C
D
s
0
D
 

M
e A

 

1,
04

 
),9

5 

t,2
9 

1,
29

 

t,4
t 

,4
t 

t,3
0 

,3
0 

t,1
2 

,t2
 

1,
38

 
.,3

3 

6,
 p

pm
 

M
e B

 -[
 M

e-
-P

 [ 
M

e-
-N

 

1,
80

 

2,
0 

1,
82

 

1,
80

 

t,8
6 

2,
2t

 

2,
04

 

2,
37

 

2,
57

 (C
H

2N
) 

3,
62

 (C
H

~O
) 

2,
65

 (C
H

2N
) 

3,
60

 (C
H

20
) 

3,
19

 

2,
62

 (C
H

=N
) 

3,
50

(C
H

20
) 

CH
~-

-t )
 

C
H

--
P I

 

2,
63

 a
 

2,
38

 

2,
76

 
.v

 2
0;

 

3,
44

 

4,
06

 

3,
59

 

3,
8t

 
((

I~
ph

) 

3,
52

 

�9
 4,

27
 

A
v 

43
,2

 I 

3,
8t

 
t 

ot
he

r 

0,
93

 (t
-B

u)
 

t,9
8(

M
eN

) 

7,
12

(P
h)

 

0,
98

(t-
B

u)
 

3,
10

 m
 

3,
75

 (O
M

e)
 

2,
63

 (C
H

2N
) 

3,
60

 (C
H

20
) 

7,
45

 (P
h)

 

1,
35

 (t
-B

u)
 

/,0
2 

(t-
Bu

) 
7,

69
 (P

h)
 

t,0
8 

(t-
Bu

) 
7,

52
(P

h)
 

" 

8,
8 

7,
0 

7,
0 

7,
0 

7,
0 

7,
0 

],
 H

z 

%
 

%
 

~5
 

13
,C

 
13

,0
 

--
 

16
,8

 
16

,8
 

~,
( 

i7
,C

 
17

,0
 

--
 

16
,5

 
16

,5
 

~,
( 

/7
,C

 
t7

,0
 

--
 

t6
,5

 
16

,5
 

~,
[ 

M
e-

-P
 

3,~
 

12
,1 

.3
J 

[2,
~ 

3,
( 

ot
he

r 

t3
,0

 (t
-B

uP
) 

5,
6(

H
eP

) 
2,

8 (
tlA

P)
, 

t3
3 

(t-
B

uP
) 

12
,8

 (H
~}

I~
) 

t4
,0

 (P
C

H
2P

h)
 

15
,0

 (t
-B

uP
) 

t4
,0

(t-
B

uP
) 

15
,0

 (H
.~

H
B)

 
5,

0 (
H

A
P)

, 
3 

0(
H

B
P)

 
t 5

,0
 (t

-B
uP

) 

50
 



~
a

 

TA
BL

E 
2.

 
(c

on
ti

nu
ed

) 

'- 
< 

pp
m

 
,-

 
] 

J,
H

~
 

Co
mp

ou
nd

 
So

lv
en

t 
~ 

~ 
~ 

0~
 

; 
l~

Ie
--

N
 

C
H

~-
-P

 
I 

ot
he

r 
~ 

~ 
~ 

~ 
~ 

~ 
ot

he
r 

(X
V

II
) 

(x
u (x

lx
) 

(x
x)

 
(x

xD
 

(X
X

lI
) 

(X
X

H
I)

 

(X
X

IV
) 

(x
xv

) 
(x

xv
i)

 
(x

xv
n)

 

(X
X

V
II

I)
 

(X
X

lX
) 

C
D

C
la 

CD
aO

D
 

CD
aO

D
 

C
D

C
la 

C
D

a0
D

 d 

C
D

C
Ia

 

CD
aO

D
 

CD
aO

D 
e 

1,
49
 

CF
~C
H2
OH
g 

1,
49

 
CD

aO
D 

i,4
6 

D
20

 h 
i,8

5 

C
D

aO
D

 
L2

4 
C

D
aO

D
 

0,
98

 

t,
46

 
1,

46
 

i,2
6 

1,
26

 
1,

0t
 

0,
99

 
t,1

5 
t,1

4 
i,1

4 
t,t

0 

t,i
6 

1,
24

 

1,
44

 
1,

45
 

1,
52

 
1,

76
 

1,
20

 
0,

88
 

1,
79

 

2 
B

 
2 2 

9 
2 

6 

t 
8 

2,
79

 
3,

20
 

3,
08

 

2,
7i

 
(c

.d
.)

 

2,
9 

(c
.d

.) 

3,
58

 
f 3,
53

 
3,

75
 

3,
32

 

3,
00

 

2,
68

 
t ,

80
 

1,
96

 
i,9

4 

2,
05

 

3,
i9

 
f 3,
0t

 
3,

43
 

2,
25

 
2,

37
 

2,
72

 (C
H

2~
N

) 
3,

6t
 (C

H
20

) 

4,
78

 (C
H

2P
h)

 
7,

60
(P

h)
 

4,
0(

C
H

2P
h)

 
A

v 
49

,5
 

4,
97

 (N
C

H
~P

h)
 

6,
95

; 7
,3

7 (
Ph

) 
t,0

5(
t-

B
u)

 
4,

65
 (C

H
2P

h)
 

7,
5 (

Ph
) 

5,
23

 (C
H

2P
h)

 
8,

0(
Ph

) 

7,
06

(P
h)

 

3,
0 

t2
,8

 (P
C

H
2P

h)
 

t3
,5

 (t
-B

uP
) 

t5
,0

 (H
aH

B
) 

5,
0 (

H
A

P)
, 

2,
5 (

H
B

P)
 

i3
,2

 
t3

2 
13

,2
 

13
,2

 

t4
,0

 
[ 

,I4
,5

(P
C

It~
) 

a)
 A

t-
50

~ 
A

B
sy

st
em

, 
A

u
=

3
7

.0
 

H
z,

 
6

:2
.4

4
 

(H
A

) ,
 2

.6
4

p
p

m
 

(H
B

);
 J

H
A

P
=

3
.2

, 
JH

A
H

B
=

1
3

.6
, 

JH
A

C
F

 
<

0.
5,

 
5H

B
 p 

=
1.

5,
 

JH
B

C
F

 
=

1.
5 

I-
Iz

. 

A
G

~5
 =

1
.4

8
 k

ca
l/

m
o

le
 

(6
0.

97
 

k
ff

/m
o

le
),

 
T

c=
2

5
~

 
b)

 T
he

 
sp

ec
tr

u
m

 
re

m
ai

n
s 

u
n

ch
an

g
ed

 
up

on
 h

ea
ti

n
g

 t
o

 1
90

~
 

c)
 8

31
1 ) 

(C
D

~
O

D
)-

4
0

.8
 p

pm
. 

d)
 5

31
P 

(C
D

~O
D

) 
+

7
.8

 p
pm

. 
e)

 S
aP

 
(C

D
aO

D
) 

-3
9

.1
 

pp
m

. 
f)

 S
ig

na
ls

 
o

v
er

la
p

 w
it

h 
so

lv
en

t 
si

g
n

al
s,

 
g)

 6
ai

P
 

[(
C

F
a)

2C
 =

N
O

H
] 

-4
0

.4
 

pp
m

. 
h)

 V
al

u
es

 
of

 6
 r

el
at

iv
e 

to
 e

x
te

rn
al

 
re

fe
re

n
ce

. 



In  the r e a c t i o n s  of A M P , s  wi th  the  a l k y l a t i n g  r e a g e n t  MeI, the e l e c t r o p h i l i c  a t t a c k  i s  a l s o  d i r e c t e d  a t  the 
P a tom:  

20 ~ | | 
RR'PCH2X T MeI ~ RR'P(Me)CH~XI (9) 

Et20 
(x)-(XlV) 

R = R '  = i-Pr, X = M%N-- (X), 89 %; 
R = R '  = i-Pr, X = MeO~CCH (CHz)aN-- (XI), 78%; 

I. I ~ 
R = t1' = i-Pr, X = O(CH2CH2)~N-- (xii), 86%; 
R = i-Pr, B '  ~ PhCH> X = O(CH2CI.I2)2N--(xIII), 88%; 
R =  i-Pr, R ' =  t-Bu, X = O(CH2CH~)2N--(XIV), 88%. 

An i n c r e a s e  in  the  s t e r i c  h i n d r a n c e s  a t  the  P a t o m  r e s u l t s  in  a l k y l a t i o n  at  the  N a tom:  

20 ~ | 0 
t-Bu(Ph)PCH~NMe~ + MeI- - - -+  t-Bu(Ph)PCH~NMeaI (10) 

Et~O 
(xv), 8~ % 

However ,  when the b a s i c i t y  of  the  a m i n o  g roup  in A M p r s  is  l owered ,  a l k y l a t i o n  aga in  o c c u r s  at  the P a tom,  
a l though i t  is  v e r y  s low (22 d a y s ) :  

20 ~ ~ | 
t-Bu(Ph)PCH~N(CH~CH~)20 + MoI - ~ O(CH~CH~)~NCH2P(Mo)(t-Bu)Phi (11) 

CD~OD (XVI) 

The r e a c t i o n s  of A M P ' s  wi th  o t h e r  a l k y l  i o d i d e s ,  i . e . ,  

| 
20" @ | + A M P  (i-Pr)~P[CH~N(CH~CH2),.O]2~ (_1 2) (i-Pr)~PCH2N(CH~CH~)~O + RI Et,O ~ [(i-Pr)~(R)PCHH2N(CH2CH~)20]I r-0-Pr,iP-~ R = Et(XVII), 35 % ; 

R ~ PhCH~(XVH), 30% 

may be attributed to the primary attack of RI on ~he P atom followed by reaminomethylation at the P atom of the 
original AMP. Such conversions are known for diaminomethanes [8]. An attempt to inse~ a methylene group 

into the C-P bond of A M1 ~ XII under the action of CH2N 2 yielded phosphonium salt XVIII, whose structure was 

confirmed by a back synthesis: 

CH2N2 | | Mel 

(XlI)--Et~ol MeO~ (i-Pr)~PMezI +-----Et~O (i-Pr)zPMe (13) 
(XVIII), 60% 

When r e a c t e d  wi th  o t h e r  e l e c t r o p h i l i e  r e a g e n t s  u n d e r  the  s a m e  cond i t ions ,  A M P ' s  a r e  a l k y l a t e d  and p r o -  
t ona t ed  a t  the  N a t o m :  

HCI ~) @ 

t l2PCH~NMe2- -  - - +  RePCtIsN(H)Me2C1 
e R = i-Pr (XIX), 83% (14) 

) R2PCH2NMesFSOs | 
MeOSOeF 

R = i - P r ( X X ) ,  62% 

r PhCH2Br , @ | 
RR PCH~NMe2 - - - - - - +  RI/PCH~N(CH2Ph)Me2Br (15) 

Et~O, 20 ~ 

R = R '  = i -Pr(XXI),  67%; R = i-Pr, R '  = PhCH2, 67%; 

R ---- t-Bu, R '  = Ph (XXIII ) ,  40%, [ a ] ~  - -  3,39 ~ (C 0,56, MeOH) 

Wi th  1 m o l e  of  M e B r  an  AMP y i e l d s  only  b i s q u a t e r n a r y  s a l t  XXIV. The a d d i t i o n a l  a l k y l a t i o n  of  A M P  m o n o s a l t s  
X, XX, and XXI u n d e r  the  a c t i o n  of  MeI  a l s o  r e s u l t s  in  the f o r m a t i o n  of b i s q u a t e r n a r y  p h o s p h o n i u m - - a m m o n i u m  
s a l t s  X X V -  X'Z~VH: 

| @ | 

(i-Pr)~PCH~NM% + MeBr --> (i-Pr)2(Me)PCH~NM%2Br (16) 
(XXIV), 23 % 

(+9 | 0 
(X) + MeI -+ i-Pr~(Me)PCH~NM%2I (17) 

(XXV), 67% 
@ (9 |  

(XX), (XXI) -}- MeI --~ (i-Pr)~(Mo)PCH~N(R)M%HalI (18) 
Q 

R = Me; Hal---- FSO3 e (XXVI), 62%; R-~-- PhCH~, Hal  = Br 
(XXVH), 58%. 

N a t u r a l l y ,  an  A M P  oxide  i s  a l k y l a t e d  u n d e r  the ac t i on  of MeI at  the n i t r o g e n  a tom:  
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(i-Pr)2P(O)CH2NMe~ ~- MeI 
2 0  ~ @ . | 

(i-Pr)~P(O)CH~NMe3I (19) 
Et~O 

(XXVIII), 69% 

The s t ruc tures  of the compounds obtained (Table 1)were  confirmed by thei r  NMR spectra.  In the PMR 
spect ra  of the aminomethylphosphonium salts the signal of the CH 3 group introduced is displayed in the fo rm 
of a doublet, which is s imi l a r  with respec t  to its chemical  shift and value of J (HCP) to the signal of a known 
phosphonium salt, for example, XXIX (Table 2). In the case of methylation at the N atom, the spec t rum of the 
ammonium salt shows an increase  in the intensity of the signal of MeN and a downfield shift (> 3 ppm) relative 
to the original  AMP [7] and the monophosphonium salt (N2.0-2.3ppm, see also the spec t rum of the known am- 
monium salt  XXVIII in Table 2). Another spec t ra l  tes t  for  a phosphonium st ructure  as opposed to an ammonium 
s t ruc ture  is the significantly g r ea t e r  downfield shift of the signal of HC, i.e., the isopropyl  substituent* (see 
Table 2). The 31p NMR spect ra  provided additional confirmation of the aminomethylphosphonium s t ructure  of 
XII (5 31p - 4 0 . 8  ppm) and the phosphinomethylammonium s t ructure  of XXI (5 3~p +7.8 ppm). The value of 31p 
for XII is charac te r i s t i c  of te t racoordinate  P in phosphonium salts [10, 11] and pract ica l ly  coincides with the 
chemical  shifts of b isquaternary  salts XXIV and XXV; the chemical  shift of monoammonium salt  XXI is cha rac -  
te r i s t ic  of t r ieoordinate P in AMP's  [7] and phosphines [10, 11]. 

The dual react ivi ty  of AMP's  under  considerat ion cannot be attributed to the different responses  of amines 
and phosphines to the alkylating reagents,  since the competitive react ions of equimolar  mixtures of Et3N and 
EtaP with MeI or PhCH2Br in e ther  at 20~ give the same result ,  i.e., the preferent ia l  formation of the phos-  
phonium salt over  the ammonium salt  in a 7 : 1 ratio.  An exclusively phosphonium salt was previously  obtained 
in a s imi la r  react ion during a compar ison of the nucleophilic proper t ies  of t e r t i a r y  phosphines and amines 
with various electrophiles ,  pa r t i cu la r ly  with MeI [12]. It should also be noted that in a study of the alkylation 
of AMP,s with a highly basic amine component under the action of MeI in CD3OD by the PMR method (the ex-  
per iment  in an NMR ampul), we d iscovered  that the reac t ion  takes place at the N and P atoms. F r o m  the rat io 
between the intensities of the signals of the ammonium and phosphonium salts formed it follows that the alkyla-  
tion is three t imes fas ter  at the P a tom than at the N atom. The use of PhCH2Br as an electrophile under the 
same conditions results  in the format ion of only an ammonium salt. In the case of AMPTs with a weakly basic 
amine component, an exclusively phosphonium salt is formed in the react ion with MeI, and in the react ion with 
PhCH2Br a mixture of unidentified products  is formed. 

EXPERIMENTAL 

The NMR spectra were measured on a Tesla BS-487 spectrometer (IH, 80 MHz, relative to the internal 
reference HMDS), a 3NM-C-60-HL spectrometer (19F, 56.546 MHz, relative to the external reference CF3CO2H), 
and a 5NM-4H-100 spectrometer (31p, 40.5 MHz, relative to the external reference 85% H3PO4). The ampuls 
were filled in an argon atmosphere, and the concentration of the samples was N 15%. The IR spectra of the 
pure liquids were measured on a UR-20 spectrometer in KBr euvettes. All the syntheses and physicochemieal 
investigations of the compounds of trivalent phosphorus were carried out without the access of air or moisture 
to the argon atmosphere. The glass system was evacuated (1 torr), heated by the flame of a burner, and filled 

with dry argon. Only absolute solvents andfreshly redistilled reagents were used in the work. The synthesis 
of the original AMP, s and compounds If, XIX, XXIII, and XXVIII was described in [7], that of acylphosphine I 
was described in [13], and that of aeylphosphines III-V and eyanophosphine VIII was described in [14]. The 
constants, elemental analysis, and NMR spectra are given in Tables 1 and 2. 

Trifluoroacetyl(dimethylaminomethyl)-tert-butylphosphine (VI). a) Bis(dimethylaminomethyl)-tert-butyl- 
phosphine. The reaction of 2.31 g (25.6 mmole) of t-BuPH 2 (which was obtained by reducing t-BuPCI2LiALH 4 in 
dibutyl ether, bp 54~ and 5.4 g (53 mmole) of bisdimethylaminomethane according to [7] yielded 3.29 g (63%) of 
a colorless liquid, bp 50~ (0.5 torr), M + 204 m/z. PMR spectrum (CGH6, 5, ppm, J, Hz). 0.94 (Me3C, 3JHCP = 
11.0), 2.35 (CH2, Av=21.3 Hz, 2JHp=2.25 , 2JHH = 13.0). 

b) A 1.2-g portion (8.8 mmole) of CF3COCI was bubbled through a solution of 1.8 g (8.8 mmole) of 
(Me2NCH2)2P(t-Bu) in 35 ml of ether at-40~ The temperature of the mixture was brought up to 20~ the pre- 
cipitate was separated, the ether was removed from the filtrate, and the residue was vacuum-distilled. This 
yielded 1.5 g (70%) of VI, lemon yellow liquid. 

* The observed spec t ra l  anomaly,  i.e. the absence of inequivalence of the methyl protons of the i - P r  substituent 
in aminomethylphosphonium salts X-XIV, will be considered in the next report .  
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Phenylcarbamoyldimethylaminomethyldi isopropylphosphine (VII). A solution of 0.6 g (5.0 mmole) of 
PhNCO in 10 ml of e ther  was given an addition of 0.88 g (5.0 mmole) of Me2NCH2P(i-Pr) 2 in 10 ml of ether,  the 
mixture was held for 2 h, and the solvent was removed.  This yielded 0.63 g (42%) of VII, lemon yellow liquid. 

Reaction of Dimethylaminomethyl isopropyl- ter t -butylphosphine [15] with BrCN. A solution of 0.9 g (4.7 
mmole) of the AMP in 10 ml of e ther  was given an addition with s t i r r ing  of a solution of 0.5 g (4.7 mmole) of 
BrCN in 5 ml of e ther  at 20~C. After  1 h, the precipitate was separated, the ether  was removed f rom the fil- 
t rate,  and the residue was vacuum-dist i l led.  This yielded 0.46 g of a colorless  liquid, bp 59~ (3 torr) ,  which 
according to its mass spectrum is a mixture of i-Pr(t-Bu)PCN, M + 157 m/z, and i-Pr(t-Bu)PBr, M + 210/212 
m/z. 

Dimethylaminomethyl-tert-butyleyanophosphine (IX). A 0.7-g portion (11.4 mmole) of CICN was bubbled 
through a solution of 1.9 g (9.3 mmole) of (Me2NCH2)2P(t-Bu) in 20 m/ of ether at -30~ The mixture was 
brought up to 20~ After 2 h, the copious precipitate was separated, the ether was removed from the filtrate, 
and the residue was vacuum-distilled. This yielded 0.87 g (58%) of IX, colorless liquid. 

..Di'methylaminomethyldiisepropylmethylphosphonium Iodide (X). A solution of 1.02 g (7.2 mmole) of Mel 
in 5 ml of ether was added to a solution of 1.26 g (7.2 mmole) of dimethylaminomethyldiisoprepylphosphine in 
20 ml of ether. The precipitate formed was filtered, washed three times with ether, and dried in a vacuum. 
Recrystallization from an MeOH-ether mixture yielded 2.02 g (89%) of white crystals of X. 

S- (- )- Methyl Ester of N-ProlinomethyJdiisopropylmethylphosphonium Iodide (XI). In a similar manner 
0.89 g (78%) of XI in the form of yellowish crystals with [~]~~ 6 -41.7 o (c 5.75, MeOH) was obtained from 0.73 g 
(2.9 mmole) of the S- (- )- methyl ester of N-prolinomethyldiisopropylphosphine and 0.4 g (2.9 mmole) of Mel in 
15 ml of ether. 

N-Morpholinomethyldiispropylmethylphosphonium Iodide (XH), In a similar manner 0.74 g (8~) of Xll in 
the form of white acicular crystals was obtained from 0.5 g (2.3 mmole) of N-morpholinomethyldiisopropyl- 
phosphine and 0.33 g (2.3 mmole) of MeI in 10 ml of ether. 

N-Morpholinomethylisopropylbenzylmethylphosphonium Iodide (XHI). In a similar manner 0.25 g (88%) 
of XIII in the form of white acieular crystals was obtained from 0.2 g (0.75 mmole) of N-morpholinomethyliso- 
propylbenzylphosphine and 0.11 g (0.77 mmole) of MeI in I0 ml of ether after 12 h. 

N-Morpholinomethvlisopropyl-tert-butylmethylphosphonium Iodide (XIV). In a similar manner 0.67 g 
(88%) of ~ in the form of white acieular crystals was recovered from 0.47 g (2.03 mmole) of N-morpholir~o- 
methylisopropyl-tert-butylphosphine [15] and 0.29 g (2.04 mmele) of Mel in 20 ml of ether after crystallization 
from a CCI 4- MeOH-ether mixture. 

tert-Butylphenylphosphinomethyltrimethylammonium Iodide (XV). A solution of 0.2 g (0.9 mmole) of di- 
methylaminomethyl-tert-butylphenylphosphine in 5 ml of ether was given an addition of a solution of 0.15 g 
(1.06 mmole) of MeI in i0 ml of ether at 20~ After 12 h the precipitate was separated, washed with ether, 
dried, dissolved in MeOH, and frozen out. This yielded 0.28 g (81%) of XV. 

Bis(N-morpholinomethyl)diisopropylphosphonium Iodide (XVII). A solution of 1.45 g (6.3 mmole) of N- 
morpholinomethyldiisopropylphosphine in I0 ml of ether at 20~ was given an addition of a solution of 1.04 g 
(6.7 mmole) of EtI and left to stand overnight. The precipitate was filtered, washed with ether, and crystallized 
from an MeOH-ether mixture. This yielded 0.51 g (35%) of XVlI in the form of white plates. Compound X-VII 
was also obtained from i.i g (4.8 mmole) of the same AMF and 1.08 g (4.8 mmole) of PhCH21. 

Dimethyldiisopropylphosphonium Iodide (X-VIII). a) A solution of 0.52 g (1.44 mmole) of XI[ in i0 ml of 
MeOH was given an addition of an ethereal solutionof CH2N 2 to a persistent yellow color. Evolution of a gas was 
observed. The mixture was held for 0.5 h, the excess CH2N 2 and solvent were removed, and the residue was 
recrystallized from an MeOH-ether mixture. This yielded 0.25 g (60%) of XVHI in the form of yellowish crys- 
tals. 

b) A solution of 1.2 g (9.1 mmole) of (i-Pr)2PMe in 10 ml of e ther  was given an addition of 1.5 g (10.6 
mmole) of MeI in 5 ml of ether.  The precipitate was separated, washed with ether, and recrys ta l l i zed  f rom an 
M e O H - e t h e r  mixture. This yielded 1.5 g (60%) of XVIII in the fo rm of white crys ta ls  which yellow during 
storage.  

Diisopropylphosphinomethyl tr imethylammoll ium Fluorosulfonate (XX). A solhtion of 1.1 g (6.3 mmole) of 
dimethylaminomethyldiisopropylphosphine in 15 ml of e ther  was given an addition of a solution of 1.3 g (11 mmole) 
of MeOSO2F in 5 ml of e ther  at -40~ The precipitate was separated, washed three t imes with ether, and dried 
inavacuum.  This yielded 1.1g (62%) of XX in the fo rm of white crys ta ls  which deliquesce in air.  
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Diisopropylphosphinomethy ld imethy lbenzylammonium Bromide  (XXI). In a s i m i l a r  manner  1.65 g (67%) of 

XXI in the f o r m  of white c rys ta l s ,  which yellow during s torage ,  was obtained f r o m  1.26 g (7.2 mmole) of the 
same AMP and 1.23 g (7.2 mmole)  of PhCH2Br in 20 ml of e the r  at 20~C a f t e r  c rys ta l l i za t ion  f r o m  an M e O H -  
e the r  mixture.  

I sopropy lbenzy lphosph inomethy ld imethy lbenzy lammonium Bromide  (XXII). In a s i m i l a r  manner  0.42 g 
(67%) of XXII in the f o r m  of white p r i s m a t i c  c ry s t a l s  was obtained f r o m  0.33 g (1.5 mmole)  of d imethylamino-  
methyl isopropylbenzylphosphine  and 0.26 g (1.5 mmole)  of PhCH2Br. 

T r ime thy lammoniome thy ld i i sop ropy lme thy lphosphon ium Dibromide  (XXIV). A solution of 1.2 g (6.9 
mmole)  of d imethylaminomethyld i i sopropylphosphine  in 20 ml  of e the r  was given an addition of a solution of 0.6 g 
(6.7 mmole)  of MeBr in 10 ml of e the r  at -20~ The prec ip i ta te  was sepa ra ted  by decantation, dried in a 
vacuum, and r e c r y s t a I I i z e d  f r o m  MeCN. This yielded 0.57 g (23%) of XXIV) in the f o r m  of white c rys ta l s ,  which 
yellow during s torage .  

T r ime thy lammoniomethy ld i i sopropy lme thy lphosphon ium Diiodide (XXV). A solution of 0.52 g (6.4 mmole)  
of X in 30 ml of MeCN was given an addition of an excess  of MeI. Af te r  12 h the crys ta l l ine  product  was f i l -  
t e r ed  out, washed twice with MeCN, and dr ied in a vacuum. This yielded 0.5 g (67%) of XXV in the f o r m  of ac i -  
cu la r  c rys ta l s .  

T r ime thy lammoniome thy ld i i sop ropy lme thy lphosphon ium Fluorosulfonate  Iodide (XXVI). In a s i m i l a r  
manner  0.28 g (62%) of XXVI in the f o r m  of white c r y s t a l s  was obtained f r o m  0.33 g (1.1 mmole)  of XX and 0.2 g 
(1.8 mmole)  of MeI. 

�9 Dimethy lbenzy lammoniomethy ld i i sopropy lme thy tphosphon ium Bromide  Iodide (XXVII). In a s i m i l a r  
manner  0.42 g (5870) of XXVII in the f o r m  of white rhombic  c rys t a l s ,  which yellow during s torage ,  was obtained 
f r o m  0.52 g (1.5 mmole  of XXI and 0.5 g (3.5 mmole)  of MeI. 

Methyl i sopropylbenzylphosphoniumIodide  (XXIX). A solution of 0.5 g (3.0 mmole)  of i~Pr(CH2Ph)PH 
was t r ea t ed  with an excess  of MeI in 20 ml of e ther .  Rec rys ta l l i za t ion  f r o m  an M e O H - e t h e r  mixture yielded 
0.84 g (91%) of XXIX, white c rys ta l s .  

React ion  of Et3N and Et~P with MeI. A solution of 0.62 g (6.0 mmole)  of Et3N and 0.72 g (6 mmole)  of 
Et3P in 35 ml  of e the r  was given an addition of 0.87 g (6 mmole)  of MeI. The mixture  was left to stand ove r -  
night, and the prec ip i ta te  was separa ted ,  washed with e ther ,  and dried.  This yielded 1.5 g of a substance.  A c -  

�9 ~ | | | | 0 
oording to the P M R s p e c t r u m  (CHC13) , it is a m i x t u r e  of Et31~Mel and Et3NMeI in a7:1 ra t io .  Et~PMeI , 6, ppm:  1.31 

| o 5 (MeCH2) , 2.1 (MeP), 2.55 (CH2P) , JMeCH2P =18.0, JHH=7.0 ,  5Mep=13 .5 ,  JMeC___H2p=13.0 Hz. Et3NMeI , , 
ppm: M eCH 2 over lapped by the M~e~'lci2 s ignal  of the phosphonium salt ,  3.22 (MEN), 3.58 (CH2N) , JHH=7 .0  Hz. 

React ion of Et3N and Et3P with PhCH2Br. A solution of 0.14 g (12 mmole)  of Et3P and 0.234 g (23 mmole)  
of Et3N in 30 ml of e ther  was given an addition of 0.207 g (12 mmole)  of PhCH2Br , and the mixture  was left to 
stand overnight.  The prec ip i ta te  was f i l tered,  washed with e ther ,  and dried.  This yielded 0.2 g of a substance.  

@ | L~3 | 

According  to the PMR s p e c t r u m  (CDCI~), it is a mixture  of the sa l ts  EtaPCH2PhBr and Et3NCH2PhBr in a 

| G 
7 : 1  ratio.  Et3PCH2PhBr , 5, ppm: 1.05 (Me), 2.42 (CH2P) , 4.2 (CH2Ph), J I tH=7.0 ,  JMel~=18.0, JCH2P=13.0,  

| | 
JPCH2Ph=15.0  Hz. Et3NCH2OhBr , 5, ppiTt: 1.12 (Me), 3.30 (CH2N), 4.72 (CH2Ph) , JHH=7.0  Hz. 

C O N C L U S I O N S  

1. In the reac t ions  of aminomethylphosphines  with the acylat ing reagen ts  RCOC1, C1CN, and PhNCO the 
e lec t rophi l i c  a t tack  is c a r r i ed  out at  the phosphorus  a tom with cleavage of the C - P  bond and the fo rmat ion  of 
acy l - ,  cyano- ,  and carbamoylphosphines .  

2. Aminomethylphosphines  display dual reac t iv i ty  with r e s p e c t  to alkylating reagents .  The a t tack of MeI 
is d i rec ted  at the phosphorus  a t o m  to f o r m  aminomethylphosphonium sal ts ,  where as PhCH2Br , MeOSO2F , and 
HC1 r eac t  a t  the ni t rogen atom, producing phosphinomethylammontum sa l t s .  The reg iospec i f i c i ty  of the reac t ion  
depends on the bas ic i ty  of the N atom,  the size of the subst i tuents  on the P atom, and the type of alkylating r e -  
agent.  

i. 
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R E A C T I O N  OF N - A C E T O X Y M E T H Y L A C E T A M I D E  

AND N - A C E T O X Y M E T H Y L B E N Z A M I D E  W I T H  E S T E R - A M I D E S  

A N D  A M I D E S  O F  P H O S P H O R O U S  A C I D  

B. E .  I v a n o v ,  T.  V. C h i c h k a n o v a ,  
S. So K r o k h i n a ,  a n d  A. B. A g e e v a  

UDC 542.91 : 547.1'118 

As a continuation of our  investigations of the react ions  of e s t e r - a m i d e s  and amides of the acids of t r i -  
valent  phosphorus we studied the react ions  of N-acetoxymethylace tamide  (I) and N-acetoxymethylbenzamide (II) 
with diethyl diethylamidophosphite {IH), ethyl te t raethyldiamidophosphite  (IV), and h exaethyl t r iamidophosphite  (V} 
for  the purpose of ascer ta in ing  the inf luence of the nature of the substi tuent on the N atom in the e lec t rophi l ic  
reagent  on the d i rec t ion of the substi tution react ions .  The presence  of two nucleophilic centers  and the ambi -  
dentate nature of the p I I I - N  bond in amidophosphites [1] allows us to expect  the format ion of products  e i the r  at 
the P atom or  at an N atom, depending on the s t ruc tu re  of the e lec t rophi l ic  reagent.  

It has previous ly  been shown that the react ions  of mono-, di-,  and t r iamidophosphites  H I - V  with N- 
hydroxymethyl  der ivat ives  of phenol [2] al~d benzamide [3] resu l t  in the simultaneous format ion of products  of 
both types, while N-hydroxymethylphthal imide reac ts  only at the N a tom [3]. N-Acetoxy-  and chloromethyldi -  
ethylamine reac t  with III, IV, and V only at the P a tom to fo rm quasi-phosphonium salts or  the corresponding 
phosphonates [4-6]. In e the r  and other  solvents I and H reac t  with t r iamidophosphites  to fo rm the quas i -phos-  
phonium salts t r i s  (deithylamino) (acetamidomethyl)-  and t r i s  (diethylamino) (benzamidomethyl)phosphonium 
acetate,  respec t ive ly  (VI and VII) [7]. 

In the p resen t  work we studied the react ions  of I and lI with IH through V without a solvent upon heating. 
The composit ion of the reac t ion  mixtures  was moni tored  by 3ip NM:R. The samples were  held in ampuls under  
cooling before the spec t ra  were recorded.  

It was shown that the reac t ion  of I with V resu l t s  in the format ion of t r is (die thylamino)(acetamidomethyl)-  
phosphonium acetate  (VD (6 5 4 ppm, yield equal to 73.2%) and tetraethytdiamidoacetoxyphosphite  (VIII) (5 126 
ppm, yield equal to 12.5%). The i r  simultaneous format ion was detected spectra l ly .  The constants of VIII are  

A. E. Arbuzov Institute of Organic and Phys ica l  Chemistry ,  Academy of Sciences of the USSR, Kazan 
Branch. Trans la ted  f rom Izvest iya Akademii Nauk SSSR, Ser iya  Khimicheskaya,  No. 7, pp. 1620-1623, July, 
1982. Original ar t ic le  submitted May 27, 1981. 

0568-5230 / 82/3107- 1441 $07.50 �9 1983 Plenum Publishing Corporat ion 1441 


